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ABSTRACT—As a result of societal changes, fathers partici-
pate more actively in child care than they used to. In this
article, we propose a context-dependent biobehavioral
model of emergent fatherhood in which sociocultural,
behavioral, hormonal, and neural factors develop and inter-
act during the first 1,000 days of fatherhood. Sociocultural
factors, including different expectations of fathers and vary-
ing opportunities for paternal caregiving through paid pater-
nal leave, influence paternal involvement. Levels of
hormones (e.g., testosterone, vasopressin, oxytocin, corti-
sol) predict fathers’ parenting behaviors, and involvement in
caregiving in turn affects their hormones and brain
responses to infant stimuli. The birth of the first child marks
the transition to fatherhood and may be a critical period in
men’s lives, with a smoother transition to fatherhood predict-
ing more optimal involvement by fathers in subsequent
years. A focus on prenatal and early postnatal fatheringmay
pave the way for developing interventions that effectively
support fathering during pregnancy and in the first years of
their children’s lives.
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Fathers matter. The publication of Michael Lamb’s book, The
Role of the Father in Child Development, in 1976 marked grow-
ing awareness of fathers’ role in the development of their off-
spring. Since its publication, fathers’ involvement in
childrearing has increased substantially, at least as documented
in Western, industrialized countries. In 1970, fathers in four
such countries (Belgium, France, the German Democratic
Republic, and the United States) worked 50.5 hr per week on
average (Roby, 1975). On workdays, they spent an average of
11.8 min on child care (e.g., reading to, playing with, educating,
supervising, or traveling with a child), and this doubled to an
average of 25.3 min per day on the weekend. As a result of soci-
etal changes in these countries, including the increased partici-
pation of women and mothers in the labor force, this situation
began to change between 1970 and 1980 and men became more
active participants in child care. One generation later, in 2010,
fathers in five countries (Australia, Denmark, France, Italy, and
the United States) spent 34.5 hr per week on average on paid
work, and on both weekdays and weekend days, they spent an
average of 1.2 hr a day on child care (Craig & Mullan, 2010), a
three- to six-fold increase over what their own fathers typically
did. Unfortunately, we know less about such changes in non-
Western and less industrialized countries.
Accumulating knowledge points to fathers’ role in early child
development and highlights neurobiological changes in the tran-
sition to parenthood. In this article, we review this literature
from the perspective of a biobehavioral model of emergent
fatherhood (see Figure 1), starting from pregnancy with the tran-
sition to parenthood that marks the birth of the father through
the first few years after birth. We focus on this phase because
researchers and policymakers alike consider the first 1,000 days
after conception critical for the child’s ability to grow, learn, and
thrive (e.g., Berg, 2016; https://thousanddays.org; https://publi
cations.parliament.uk/pa/cm201719/cmselect/cmhealth/1496/
1496.pdf). In a similar vein, we suggest that the transition to
fatherhood is a critical period in men’s lives, with a smoother
transition to fatherhood predicting more optimal involvement
of fathers in subsequent years. Longitudinal descriptive and
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experimental studies are needed to test this hypothesis; here,
we propose a model with components essential for such stud-
ies (see Figure 1).
A Biobehavioral Model of Emergent Fatherhood
The transition to fatherhood is a major developmental milestone
for men. Inspired by Bronfenbrenner’s bioecological perspective
(Bronfenbrenner & Ceci, 1994), we propose a model of the tran-
sition to fatherhood that considers many levels, including the
sociocultural level with respect to different expectations of
fathers, childrearing attitudes, and involvement with infants.
This level may influence the types of behavior fathers engage in
with their infants (see Figure 1). As Figure 1 also shows, we pro-
pose bidirectional relations between fathering behaviors and
hormonal and neural components in the prenatal, perinatal, and
postnatal phases. We discuss each of these areas to show how
they affect and are affected by the transition to parenthood.
Research has described these transitions in mothers more fre-
quently than in fathers, but the effects of fathering on child
development, in and of itself and in interaction with maternal
behavior, have also been shown (Dagan & Sagi-Schwartz, 2018).
Therefore, we need a complementary focus on fathers.
Sociocultural Factors
Sociocultural norms and values with regard to fathers’ involve-
ment in child care have changed over time, affecting fathers’
personal norms and behaviors. Along with these changes, paid
paternity leave has become more accessible, increasing opportu-
nities for paternal caregiving that in turn may lead to hormonal
and neural changes in fathers (see Figure 1). But significant dif-
ferences in parental leave create disparities in opportunities for
fathers’ involvement in infants’ care. Of the 186 countries exam-
ined in one study (Heymann & McNeill, 2013), 179 provided
paid maternity leave, and 81 countries extended paid leave to
new fathers through parental leave that could be taken by either
parent, or through paternity leave specific to fathers. The United
States is one of few industrialized countries without any statutory
national paid family leave provisions for either parent. On the
other end of the continuum, Sweden allows parents 540 days of
paid parental leave per child, of which 90 days are nontransfer-
able for each parent, with the right to return to employment. Not
all fathers use the opportunities for paid leave, and in general,
fathers take leave less frequently than mothers.
Why do couples use more maternal leave than paternal leave?
First, breastfeeding favors the mother’s proximity to the infant,
particularly during the first 6 months of the infant’s life. Second,
because of income differences between men and women, it is
often economically less feasible for fathers to reduce their work-
ing hours than it is for mothers. Third, work-related and social
expectations may push mothers into the role of primary care-
givers and fathers into the role of secondary caregivers. Fourth,
mothers may be (unconsciously) reluctant to delegate caregiving
responsibilities to their partners (maternal gatekeeping; Gaunt,
2008). As a result, fathers spend less than half as much time in
Figure 1. A biobehavioral model of emergent fatherhood.
Note. The transition to fatherhood varies at many levels: sociocultural, behavioral, hormonal, and neural. Bidirectional relations exist between fathering
behaviors and hormonal and neural components in the prenatal, perinatal, and postnatal phases. For example, expectations of fathers on the sociocultural
level may influence their bonding and involvement in caregiving behaviors, which may in turn influence but may also be influenced by hormonal and neural
processes. [Color figure can be viewed at wileyonlinelibrary.com]
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direct one-on-one interaction with their children as mothers,
especially in early childhood (Wood & Repetti, 2004). Although
quantity of time invested in parenting is considered less impor-
tant than quality (Ainsworth, 1967), it takes time to get to know
infants, become aware of their preferences, and read their (at-
tachment) signals. Time spent directly responsible for infant
care is related linearly to connectivity between parenting-related
brain areas in fathers (Abraham et al., 2014), showing that
sociocultural norms that affect paternal involvement (indexing
the behavioral level of our model) also affect the neural level
indirectly.
Paternal Behavior
For at least two reasons, it is important to realize that fathering
starts during pregnancy. First, the prenatal environment has far-
reaching consequences for child development (Glover, O’Don-
nell, O’Connor, & Fisher, 2018), and fathers can influence that
environment positively (e.g., by quitting smoking) and negatively
(e.g., by engaging in partner violence). Behaviors that protect
the pregnant partner, such as ensuring that she gets sufficient
rest and avoids pathogenic foods, protect the infant and benefit
the baby’s development. Whether and how interindividual and
intraindividual variance in such behaviors is related to hormonal
and neural variation, and to variation in postnatal parenting
behavior, remains to be determined.
Second, expectant fathers may experience somatic pregnancy
symptoms, known as the couvade syndrome, including nausea,
leg cramps, appetite and mood changes, and weight gain (Mason
& Elwood, 1995). Estimates of incidence range from 11 to 79%,
depending on what criteria studies use for inclusion. In nonin-
dustrialized societies, the couvade syndrome may be a ritualiza-
tion of the transition to fatherhood (e.g., in some cultures, the
father remains in bed and is nurtured after the birth of the baby,
while the mother resumes work), but it may also be related to
typical physiological processes in fathers that eventually lead to
parental responsiveness (Mason & Elwood, 1995). In one study,
fathers with more couvade symptoms had a greater decrease in
testosterone after exposure to infant cues (Storey, Walsh, Quin-
ton, & Wynne-Edwards, 2000). Thus, the symptoms may be
observable phenomena resulting from underlying hormonal
changes that also predict dimensions of caregiving. Researchers
have not yet related the couvade syndrome to the quality of post-
natal caregiving.
In the first year of an infant’s life, establishing an attachment
relationship is an important developmental milestone. Although
attachment theory has sometimes been criticized for emphasiz-
ing the traditional role of mothers as sole caregivers, both
Bowlby (1969/1982) and Ainsworth (1967) made explicit that
fathers were common and capable attachment figures. In fact,
Bowlby argued, based on Harlow’s (1958) experiments with fur
and wire rhesus monkey mothers, that (breast-)feeding was not
essential for the infant–parent relationship and that fathers
could be capable caregivers of young infants. Indeed, the first
study of the Strange Situation Procedure with fathers and moth-
ers showed similar proportions of secure attachment with both
parents (Main & Weston, 1981).
Parental responses to infants’ interactive behaviors are gener-
ally rated in terms of sensitivity or emotional support. Similar to
the pattern of associations for mothers, higher levels of paternal
sensitivity predict generally more favorable child outcomes. In
correlational and experimental research, mothers’ sensitivity is
associated modestly but robustly with secure infant–mother
attachment (r = .24–.35; Verhage et al., 2016). For fathers, this
meta-analytic association is weaker (r = .12; Lucassen et al.,
2011), with fathers’ observed sensitivity sometimes similar to
but often lower than mothers’ sensitivity (e.g., Volling, McEl-
wain, Notaro, & Herrera, 2002). Indeed, it is not uncommon for
studies to report that fathers are substantially less sensitive and
less involved than mothers, but that similar proportions of chil-
dren are securely attached to these fathers and mothers (e.g.,
Lickenbrock & Braungart-Rieker, 2015). This might suggest
that the sensitivity or attachment measures used with mothers
are less valid when used with fathers, or that different dimen-
sions of parenting predict infant–father attachment (Grossmann
et al., 2002). Given that the intergenerational transmission of
attachment is similar in strength for fathers and mothers (Ver-
hage et al., 2016), the search for paternal behavior underlying
this transmission should get more attention. Stimulatory play
and support of (cognitive) exploration may be paternal behaviors
that promote secure infant–father attachment. Limit-setting has
also been suggested as a specific although not exclusive dimen-
sion of the father–child relationship (Grossmann et al., 2002).
Just like with mothers’ parenting, fathers’ parenting may be
hampered by feelings of depression in the postnatal period. The
prevalence of perinatal depression in fathers is 4–10% (Paulson,
Bazemore, Goodman, & Leiferman, 2016), and fathers’ depres-
sion has been associated with problem behavior in children
(Ramchandani, Stein, Evans, & O’Connor, 2005) and subse-
quent depression in the children themselves (Gutierrez-Galve
et al., 2018). Paternal perinatal depression influences the
father–child relationship and is related to less optimal relation-
ships between couples as well as to maternal depression (Paul-
son et al., 2016), doubling the risk for unfavorable child
outcomes. As in mothers, in fathers, hormonal imbalances may
be related to postpartum depression (Saxbe et al., 2018), but
lack of sufficient sleep may also play a role: 35% of parents with
children under age 2 report that they get only 5–6 hr of sleep
per night (Krueger & Friedman, 2009). Identifying risk factors
for paternal perinatal depression is an important step toward
prevention, ideally before the baby is born.
Hormones
When women get pregnant, they experience hormonal changes.
Oxytocin levels increase during pregnancy, as do levels of estra-
diol, testosterone, and cortisol (Edelstein et al., 2017). After a
peak in oxytocin and cortisol around childbirth, levels decrease
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in the postpartum period. Do any hormonal changes prepare
men for fatherhood?
Over the course of pregnancy, testosterone and estradiol
decline in men, and in one study, men with greater declines
were more involved in child care after birth (Edelstein et al.,
2017). Indeed, testosterone is generally considered favorable to
mating and unfavorable to parenting efforts, and in primary
studies (e.g., Gettler, McDade, Feranil, & Kuzawa, 2011) and
meta-analyses, fathers tend to have lower levels of testosterone
than nonfathers, but the effect size is modest (r = .11; Meijer,
Van IJzendoorn, & Bakermans-Kranenburg, 2019); this is prob-
ably because downregulation of testosterone levels depends on
fathers’ actual involvement in child care and the presence or
absence of other competitive demands. In one study, fathers’
lower basal testosterone in the immediate postnatal period pre-
dicted more involvement in child care 2–4 months later (Kuo
et al., 2018). Fathers with lower basal testosterone levels tend to
engage in higher-quality parenting (meta-analytic effect size
r = .07; Meijer et al., 2019). However, testosterone may prepare
fathers for caregiving; for example, exposure to cry stimuli
increases fathers’ testosterone levels (Fleming, Corter, Stallings,
& Steiner, 2002; Van Anders, Tolman, & Volling, 2012).
Monogamous male prairie voles have elevated levels of the
hormone vasopressin after mating, leading to territoriality and
partner protection (Winslow, Hastings, Carter, Harbaugh, &
Insel, 1993). Similar preparatory mechanisms, including
enhanced sensitivity to vasopressin, may be found in humans.
Administering vasopressin to expectant fathers promoted atten-
tion to virtual baby-related avatars (Cohen-Bendahan, Beijers,
Van Doornen, & de Weerth, 2015), and affected neural and
behavioral responses to sounds of infants crying (Alyousefi-Van
Dijk et al., 2019; Thijssen et al., 2018), pointing to a role for
vasopressin in responding to infant distress. Moreover, vaso-
pressin levels may be related to fathers’ stimulatory interaction
with their infants (Abraham & Feldman, 2018).
Levels of oxytocin, another hormone related to parenting
(Feldman & Bakermans-Kranenburg, 2017), increased over the
first 6 months of fatherhood and after stimulatory play (Abraham
& Feldman, 2018), while experimentally increased oxytocin
levels led to more stimulatory play in fathers (Naber, Van IJzen-
doorn, Deschamps, Van Engeland, & Bakermans-Kranenburg,
2010). This experimental study was also the first to show that
administering oxytocin to fathers affected fathers’ behavior.
Cortisol may also play a role in fathers’ parenting. In mothers,
higher levels of cortisol when babies are 2–24 months old are
related to lower maternal sensitivity (Finegood, Blair, Granger,
Hibel, & Mills-Koonce, 2016), but directly after birth, high
levels of cortisol are associated with more affectionate
infant-directed behavior (Fleming, Steiner, & Corter, 1997). In
fathers, cortisol levels increase in response to infant crying
(Fleming et al., 2002), and decrease when they hold their new-
born (Kuo et al., 2018) or interact with their toddler (Storey,
Noseworthy, Delahunty, Halfyard, & McKay, 2011). The
distinction between basal cortisol levels and cortisol reactivity
may be essential. Cortisol reactivity may be functional in
responding to stressors such as the birth experience or infant
distress, but (chronic) high cortisol levels may not be conducive
to sensitive parenting. Indeed, in one study, fathers’ higher pre-
natal cortisol levels predicted lower quality of parenting
6 weeks postnatally (Bos et al., 2018). Moreover, cortisol may
interact with testosterone in relation to parenting behavior. Dur-
ing prenatal care of a life-like infant doll, cortisol was negatively
associated with quality of caregiving in fathers with high testos-
terone levels (Bos et al., 2018).
In summary, hormonal changes in the transition to fatherhood
seem related to parenting behavior bidirectionally (see Figure 1).
Moreover, hormonal changes may induce or accompany changes
in brain structure and functioning. Next, we turn to this issue.
Neural Networks
In mothers, reductions in grey matter volume in brain areas
related to parenting have been observed from before to after
pregnancy, while no such changes have been apparent in fathers
(Hoekzema et al., 2016). However, changes in fathers’ grey mat-
ter volume in the postnatal period (between 2–4 weeks and 12–
16 weeks after birth) have been seen (Kim et al., 2014). In ani-
mals, grey matter volume increased in brain regions involved in
the detection of salient infant cues and regulating parenting
behaviors, and that are especially sensitive to oxytocin and vaso-
pressin through high densities of the pertinent receptors. Struc-
tural brain changes in new mothers can be induced by
endocrine changes around pregnancy and childbirth, or by care-
giving experiences after birth that may differ between mothers
(who are often primary caregivers) and fathers (who are often
secondary caregivers). To disentangle these two factors, and
focusing on neural responses rather than morphology, one study
compared primary caregiving mothers, secondary caregiving
fathers, and primary caregiving (homosexual) fathers after the
birth of their first child (Abraham et al., 2014). When watching
themselves interact with their infant, primary caregiving fathers
were similar to secondary caregiving fathers in the activation of
their superior temporal sulcus (STS), the social understanding
network, but similar to mothers in the activation of their amyg-
dala, the emotional processing network. This points to the influ-
ence of caregiving experiences on brain functionality, which is
corroborated by the finding that the connectivity between the
STS and the amygdala increased linearly with time spent
directly responsible for infant care.
In a meta-analysis of brain responses of 350 people, 95 of
whom were fathers, to sounds of infants’ cries, men showed more
activity than women in the right inferior frontal gyrus (IFG),
extending into the temporal pole and left angular gyrus (Witte-
man et al., 2019). The right IFG is involved in mentalizing,
while the angular gyrus is involved in semantic processing. This
suggests that men may preferentially activate a mentalizing net-
work when processing infants’ cries. Women showed more
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activity in the insula (involved in emotional processing). The
meta-analysis also compared parents and (partnered) nonpar-
ents. Compared to adults without children, parents shifted
toward more activity in a sensorimotor network including the
insula, pre- and postcentral gyrus, and right putamen, enabling
the integration of emotional information with somatosensory and
motor information, and paving the way for behavioral responses
(see Figure 1).
A study of processing threat to infants looked at the neural
basis for protective parenting before and after the birth of
fathers’ first child (Van ’t Veer, Thijssen, Witteman, Van IJzen-
doorn, & Bakermans-Kranenburg, 2019). In this imaging study,
fathers viewed videos of an infant in danger and a matched con-
trol video without such danger, and were told to imagine that
the infant was their own or someone else’s. Neural responses in
bilateral motor areas, possibly indicating preparation for action,
were stronger when fathers-to-be imagined that the threatened
infant was their own rather than someone else’s, but after the
birth of their baby, the distinction between responses to one’s
own and someone else’s infant faded (Van ’t Veer et al., 2019).
This suggests that protective mechanisms present during preg-
nancy may broaden to include other babies after the experience
of having an infant.
Directions for Research and Intervention:
The Father-to-Be
After decades in which men and infants were often perceived as
inhabiting different worlds, their worlds have met. The transition
to fatherhood is a major life event that may predict parenting
involvement and child development through toddlerhood and
middle childhood into adolescence. In our review, we focused
on fathering in the first 1,000 days, and father–infant interaction
can be supported as early as pregnancy. In our lab, we tested a
prenatal video-feedback intervention program using ultrasounds
between the 21st and 30th week of pregnancy. Each father is
invited to interact with the fetus, verbally or by softly massaging
the infant through the mother’s abdominal wall. The baby’s
response is seen through ultrasound, a safe and noninvasive way
to watch and wonder about the unborn child. The interaction is
videotaped and reviewed with the father in three sessions, focus-
ing on (a) the infant’s attachment versus exploration signals, (b)
speaking for the baby (e.g., she seems really relaxed when you
sing that song for her), and (c) sensitivity chains (movement of
the fetus, parental response, potential response of the fetus). The
parenting coach doing the intervention uses the video fragments
to illustrate each theme. Seeing the infants respond to their
fathers singing or reading to them is a moving experience, one
that hopefully creates a head start for fathers.
Prenatal fathering experiences like this may support and
extend the increased involvement of fathers in childrearing
that we have seen in the past 50 years. Since involvement in
caregiving affects fathers’ hormonal and neural functioning,
such effects on fathers may be lasting, but this issue requires
further research. The question of how changes in men’s behav-
ior, and in their hormonal and neural functioning in the prena-
tal period are related to each other and to sociocultural factors
warrants more attention. Sociocultural norms and expectations
regarding fathers’ involvement during pregnancy may set the
stage for fathers’ involvement after birth. Given the effects of
fathering on child development, researchers and policymakers
should give a more prominent place to fathers during preg-
nancy and the early postnatal period for the sake of the child
and the family.
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